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CIPO OPIC F000001793 
EPAS1 GENE TRANSFER TO IMPROVE CELL THERAPY 

BACKGROUND OF THE INVENTION 

5 

a) Plaid of the invention 

The present Invention relates to methods and cells for improving cell Implantation 
and cardiac function. More particularly, the present invention Is concerned with the use 
of nucleotide sequences encoding/for EPAS1 for treating coronary and cardiac diseases 
10 in mammals. 

b) Deeerlptlon of the prior art 

Chronic ischemic heart disease is a worldwide health problem of major 
proportions. According to the American Heart Association. 61 800 000 Americans have 
15 at least one type of cardiovascular disease™. In particular, coronary heart disease 
(CHD) cause myocardial infarction (Ml) for 7 500 000 American patients and congestive 
heart failure (CHF) tor 4 800 000 American patients. Almost 450 000 deaths in the 
United States alone were deemed to derive from CHD (1 \ 

20 Current CHD treatments include medication, percutaneous transluminal coronary 

angioplasty and coronary artery bypass surgery. These procedures are quite successful 
to Increase blood flow In the myocardium thus reducing Ischemia and ameliorating the 
condition of the patient. However, due to the progressive nature of CHD, the beneficial 
effects of these procedures are not permanent and new obstructions can occur. Patients 

25 that live longer, through effective cardiovascular Interventions evsntually run out of 
treatment options. Also an Important patient population Is still refractory to these 
treatments due to diffuse atherosclerotic diseases and/or small caliber arteries. 

Severe and chronic Ischemia can cause Ml which is an irreversible scarring of the 
30 myocardium. This scarring reduces heart contractility and elasticity and consequently 
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the pumping function, which can then lead to CHF> Treatments available to CHF patients 
target kidney function and peripheral vasculature to reduce the symptoms but none are 
treating the scar or increasing pump function of the heart. 

5 An. emerging, tje^tment for CHF patients is cellular cardiornyoplasty (CCM), a 

ueaunem aiming at reaucmg tne scar and improving heart function. It consists in the 

injection of cells in the scar, replacing the fibrotlc scar by healthy tissue and Increasing 

elasticity. When the injected -cells are of muscular origin, they can also contribute to 

contractility. The net result of this cell therapy Is an improvement in heart function. 

10 Coupling CCM with therapeutic- angiogenesia-can improw-engraftment-of injected cells 

by increasing the blood supply to the Injected cells. Furthermore, the adjacent tissue will 

. benefit from the relief of ischemia. An important limitation of CCM is the high ceil death 

rate at the early stages after implantation. It would be highly desirable to improve ceil 

survival In order to increase efficacy of the treatment 

Factors family (HIF), These include HlF-1a(atso known as MOP1; see ref. 2 and U.S 
patents No 5,882.314; 6,020,462 and 6,124,131). Endothelial PAS 1 (EPAS1), (also 
Known as HlF-2a , MOP2. HIF-related factor (HRF) and HLF (HIF-Bke factor), see ref. 

20 3 and U.S patent No 5,685,863), and the newly discovered HIF-3a (see ref. 4). These 
factors are highly labile in normal conditions, but are. stabilized In response to low 
oxygen tension. This stabilization allows them to bind to cia DNA elements of target 
genes, and stimulate transcription of hypoxia induced genes that help cell survival in low 
oxygen conditions. These target genes are implicated in processes such as anaerobic 

25 metabolism (glucose transporters and glycolytic enzymes), vasodilatation (inducible 
nitric oxide, synthase (iNOS) and heme oxygenase-1 <HO-1)), increased breathing 
{tyrosine hydroxylase), erythropoiesis (erythropoietin) and anglogenesls (VEGF). 
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However, prior to the present invention. It has never been demonstrated or 
suggested that EPAS1 could induce the expression of cells induced eetl 
ewviva torotectlve genes, nor that EPAS1 modeled cell transplanted cells increased -cell 
survival in wwo as Indicated by Increased metabolic activity. Among the protective genes 
5 some improve, can .survival, bv inhibiting apoptosls or thmuoh other mechanisms and 

others have a cardioprotective activity, preventing scarring of the heart tissue and 

< 

reducing heart failure, i t w a s ohown that ad * onomodulfin, - a Gardfcprptactiva oono . w ao 
. inducod bv but never wao It shewn for cardiotroph l n - li who - wh i ch a lso got 

eomoJiava oqpdioprotoctivo activity j 
10 fe - T; T a naka e t ok J Mol Cell - Co f diol 2Q03 Endotheli a l PAS Domain Protein - 1 

(EFAS1) induces adronomodul l in g e n e- expression in aardlao myocyte s :■ Ro l o - o fr EPAS4 
In an I nflammatOfy ■ raoponc e in oorcKao myocytes 3 4 : 73 9 48. 

15 

SUMMARY OF THE INVENTION 

An object of th e present Invention Is to provide methods and composition of 
tYratterfor Increasing ooll curvivai and/or Improving cardiac ticouo fUncttono bv Inducing 

Still ■, A gn - object of - tho invention is to provido mothodG - and - fiflmpocWon of 
ryiaq oroollc -fbr improving cell therapy treatment by increasing ceil survival 

25 gffll obfect of the invention is to provide methods and composition of matter for 

Improving cardioprptectlan. which pre vents myocardial scarring and reduces heart 
failure. 
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More particulariy, the present invention is concerned with the use of nucleotide 
sequences encoding. EPAS1 transcription factor^ and functional aiBlflas fa r treating 
coronary and cardiac diseases In mammals by CCM. The use of such EPAS1 TPs apc| 
Its analogs mav also be useful tn Qother cell therapy treatment, such as peripheral 
5 vascular disease (PVD), neurodegenerative disease Including Parkinson's syndrome, 
muscular dystrophies, stroke, diabetes, hemophilia and others. 

An advantage of the present Invention fs that it provides more effective means for 
. inducing the expression of a plurality of protection p rotective g enes and thereby 
10 stimulates cell survival. 

The invention ts-ateo - thus very useful far the treatment of coronary and cardiac 
diseases in mammals and more particularly for the relief of myocardial Ischemia, the 
regeneration of cardiac tissue subsequent to a myocardial infarction and for the 
15 reduction o£ CHD and also in peripheral vascular disease (PVD), 

AteeHIfesue engineering constructs, such as skin equivalent to treat skin ulcers, 
would benefit from an EPAS1 treatement 

20 Other objects and advantages of the present Invention will be apparent upon 

reading the following, non-restrictive description of several preferred embodiments, made 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Figure 1 ia a bar graph indicating the change in metabolic activity in a scar inferoted 
area of rat hearts following treatment with autologous myoblasts modified or note with 
the gene. 
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DETAILED DESCRIPTION OF THE INVENTION 
M Ggaagj overview^ the inwntton 

5 

An object of the invention Is to provide methods and cells for Improving cell 
therapy treatment by increasing-cell SiUcvivaLJM^ 

and - moro particularly useful fo r treating coronary and cardiac diseases In mammals. The 
invention also provides genetically modified cells expressing a plurality of protective 
10 genes. 

The Invention is based on the use of a nucleotide sequence encoding EPAS1 y 8 Iff*- . 
. transcription factored . fcf|P3»L\ 

15 As ct will be shown in the ^Amplification. .s^ton,-4ha^praasnt Inv^tor^ have- . 

demonstrated that EPAS1 was stimulating cell survival —g enes fatoo known ag 
anglpqenooto rolatod Qonocl - c uch as LIF, UF-R, cardlotrophin 1 and adrenomedullin in 
myoblasts. It fa e xpected that soma or - all tT hese genes will also be a rs efaesupposed to 

improved metablic activity. 

ffi Methods of treatment 

25 According to a first aspect the invention Is directed to a method for inducing In a 

muscular mammalian cell the expression of at least one angtogonoc l o rolatod protective 
gene, the method comprising the step of Introducing and expressing In the cell a nucleic 
acid sequence encoding afunctional EPAS1 transcription factor. 
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According to another aspect, the invention is directed to a method far increa s ing 
tho activit y, of a . mucote o a a improvina cell therapy bv i ncreasing eel! survival apd 
cardioprotectton . comprising the step of introducing and expressing in the cell a nucleic 
add sequehce encoding a functional EPAS1 transcription factor. 



s top of introducing and e xprocclng In the seH a wtefe acid soquonoc -e nooding - a 

In a farther aspect, the invention is directed to a method for improving cardiac 
tissue ftincfions of a mammal, comprising the step of providing to the cardiac tissue of 
the mammal a plurality of geneticpJIy modified cells expressing a nucleic acid sequence 
encoding a functional EPAS1 transcription factor. 

■ According to onothpr - qopoct, tho invention is directed to a mothod for i ncrea s ing 
mil BWrtvaa «nrt irpptnntnttpn fallowing grafting of a tfooue - euch go in o mommaftan 
muscular ticcu o in a mammalian ; - oomprtoing - iho ctop - of providing tho grafted coll with a 



According to the invention, a nucleotide sequence encoding EPAS1 transcription 
factor is Introduced and expressed into a cell. The inventors have found that EPAS1 
gene transfer induces the expression of a plurality of protective genes such as UF, LIF- 
R, adrenomeduliih and cardiotrophin 1. 

HIF*1a is described in ref. 2 and in U.S patents No 6,682,314; 6,020,462 and 
6,124,131. EPAS1 Is described in ref. 3 and U.S patent No 5.682.963. HlF-3a is 
described in ref. 4 and US provisional application 60/292,630 filed on may 22 th 2001. All 
these documents are incorporated herein by reference. 





t rad i ng, a functional EPAS1 tranccriptto»fa e toR - 
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More preferably, the nucleic acid sequence encoding the transcription factor^ is 
a cPNA. The nucleotide sequence may be introduced In the cell or tissue using well 
known methods. Indeed, the sequence^) may be introduced directly in the cells of a 

5 given tissue, injected in the tissue, or introduced via the transplantation of previously 
genetically modified compatible cells <see hereinafter). Methods for Introducing a 
nucleotide .sequence into eukaryote cells such as mammalian muscular cells or for 
genetically imodHVing.such cells are well known In the art For instance, this may be 
achieved with .adenoviral vectors, plasmld DMA transfer (naked DMA or completed with 

10 liposomes) or electroporation. If necessary, a person skilled in the art may look at ref. 1 1 
for a review of myocardial gene therapy methods and to US patent application 
US20010041679A1 or US patent No. 5.792.453 which provides methods of gene 
transfer-mediated angiogenesis therapy- Preferably, the level of expression of the 
transcription fectorCs) is such that, the protective genes are expressed at a level that is 

IS sufficient to induco angiogsn nr fr locally or In onrrnunding tl n nuoimpmYfi cell «WH «rrt 
auflaja ^dinomtection. For better controlPng Its expression and selectivity, the 
transcription factor may be inducible. 

in preferred embodiments, a plurality of genetically modified cells are transplanted 
20 info the heart of a compatible recipient. Preferably, the transplantation Is autologous. 
More preferably, the transplantation improves the survival of Implanted cells. 
Transplantation methods, are well known in the art. For detailed examples of muscular 
cell transplantation, one may refer to US patent Nos. 5,602.301 and 6,099.832. 

25 in another preferred embodiment, the muscle cell or the muscular tissue Is an 

ischemic muscular tissue. Accordingly, the expression of at .east one P^^Qone 
and/or the transplantation of previously genetically modified compatible cells in these 
ischemic cells or tissue increases tissue function. Also, the efficacy of cel. survval and 
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engraftement being a limiting step, the expression of at least one eoll ourvlval gone 

In a further aspect, the Invention is directed to a genetically modified muscul a r cell 
S expressing a functional EPAS1 transcription factor. Preferably, the cell is a myoblast, a 
skeletal muscular cell ouoh go a myob l ast or a cardiac cell, The genetically modified 
Gcelb could also be components of bone marrow, fibroblasts or stem cells. Preferably 
also, the cell comprises a cDNA encoding the transcription factor. In conditions such as 
PVD or dlstrophles, cells should be myoblasts, in stroke and Parkinson's disease. 
1 0 neurons or bone marrowcells and f n diabetes, pancreatic islets cells. 

As mentioned previously, such cells may be. particularly useful when transplanted 

in^rar^ie,iscj^ "assays: 

15 locally or fn surrounding transplanted tissue. 

course, the genetically modified cells of the present invention could also be 
used for the formation of artificial organs or for tissue constructions. Also, other cell 
types, such as bone marrow cells and their sub-populations, fibroblasts, smooth muscle 
20 cells, endothelial cells, endothelial progenitor cells and embryonic stem cells, have other 
desirable properties for the implantation In other tissue or other type of muscle. Genefic 
modification of these cells with EPAS1 to improve perfusion and engrattment is also an 
aspect of the invention. 



25 As It win now be demonstrated by way of an example hereinafter, the present 

Invention is useful for Increasing cell survival and tissue function in CHD and in PVD. 
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EXAMPLES 

The following example is illustrative of the wide range of applicability of the 
present invention and is not Intended to limit its scope. Modifications and variations can 
be made therein without departing from the spirit and scope of the invention. Although 
5 any method and material similar or equivalent to those described herein can be used in 
the practice for testing of the present invention, the preferred methods and materials are 
described. 



10 



EXAMPLE 1: Use of BPAS1 to Induce anoiooenesis 

15 

11 Material and Methods 

Adenovirus production 

EPAS1/pcDNA3 plasmid was klndfy provided by S.L- McKnlght 135 and was used to 
produce adenoviral vectors with the Ad.Easy™ technology using manufacturer 
20 methodology (Q^Biogene), 

Infection 

Early passage human (Clonetlcs) or rat myoblasts were plated In 100 mm dishes 
and grown until they reached -70% confluency. Cells were rinsed with PBS and covered 
25 with 4 ml DMEM with 10% fetal balf serum (FCS) and adenoviruses at a MOI of 500. 
Cells were incubated at 37*0 with constant but gentle agitation for 6 hours. 6 ml of 
DMEM with 10% FCS waa added and cells were incubated overnight at 37°C. 



Gene chip hybridization 
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Total RNA was isolated from human myoblasts (Clonetics) infected with either 
Ad Null** (Q-Blogene) or Ad.EPAS1 as described'* Probes ware prepared and 
hybridized to- Atlas Human 1.2 Array (Cfcntech) and to 8K Human. Atlas Array 
(Clontech) according to the manufacturer's instructions. The arrays were exposed to 
phosphorirnager screen and analyzed with the Atlas 2.01 software (Clontech). 

Cell-survival In InUuct heart 

Normal or EPAS1 modified rat autologous myoblasts were implanted .n mfarcted 
rat hearts 10 days after permanent left anterior descending coronary artery ligation 
(Myoinfarct™ rats. Charles River Laboratories) by direct myocard,al .njecho of 2 
millions cells via a minl-thoracotomy (N-12). Metabolic activity was measured 5 days 
plZtureand B weetepost treatment by inject of «FDG acquisition using a email 
anT ma ,PET-Scan(Sherbrooke University). FDG uptake in the infarct was quantified and 
. a % change (post Vs pre treatment) was calculated. 

ft)Raautta 

Activation o fgwteetew prateotive g enes by EPAS1 in vitro 

To evaluate EPAS1 potential as a cell survival modulator, gene express,on was 
oompared inhuman Myobtoet infected either with Ad.EPASI or Ad. N uii™ u^g~ 
chip technology. cDNA probes .derived from either cel. populate was hybndrzed on a 
A^human 7.2 Array™ or 8K Human Attes Array (Clontech) assessing expression of 
a«mt J 1200 genes or aooogenes. Ce B survival and cardioprotective, ^nes also 

ouTto be unregulated by EPAS1; UP is Known to enhance suMva, ^ 
wouid be useful In ceil therapy. Its receptor. LIF-R, was also stimulated, ***** 
i g^ne family, cardlotrophin 1 (CT-1) enhances muscle ceils survival ^ Protecte from 

heartiniury. ' CT-1 Is a surv^l fector for cardiomyocytes. A--omed*»a^ 

cardiopmtective gene, it has a beneficial. effect on left ventricular remodeling after Ml 

and helps prevent heart failure. 
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Table 1; Genes activated by EPAS1. 

Gene Fold induction Category 

UF up Growth factor 

LtF-R up Receptor 

5 Adrenomedullin 4,87 Growth factor 

CT-1 up Growth factor 

inductions labetod *vp v are representing the activation from a frvviousfy 
undetected gen*. ' ■ * 

10 To support the idea that cell survival could be increased bv EPAS1. a myoblast 

implantation in infarct heart study was conducted. It was found that an improved 
metabolic activity was eeen in infarct implanted with EPAS1 modified myoblasts, 
whereas a deterioration of metabolic activity was seen when unmodified myoblasts were 
implanted (Figure 1). This result suggest that celt survival was improved, resulting in an 

1 5 increased metabolic activity. 

It was shown that adrenomeduHln. a cardioprotective gene, was Induced bv 
EPAS1<*>. but never was it shown for eardiofroph ln 1. which a lso have cardioprotective 
BtfNtYZi T- TanaKa etal J Mo| Cardiol 2QQ8 Endothelial . PAS Domain Pfytefn 1 
(jRASU induces adrenomeduHln oene expression In cardiac myocytes : Role of EPAS1 

t ■ ■ • ■ n. . ■ ■ i . - ■ ■ ■ ■ ! i* i ni mmm mm • • - - — • — 

3) Discussion, 

The analysis of genes activated by EPAS1 revealed the induction of several 
protective genes (Table I). These genes play a role in various aspects of survival and 
25 carcjioprotectlon and the .resulting fmproyed activity is thus expected to be strong and 
well organized. This is a major advantage compared to the use of a single protective 
factor 

White several embodiments of the invention have been described. It will be 
understood that the pres ent Invention Is capable of further modifications, and this 
30 application Is Intended to cover any variations, uses or adaptations of the invention. 
following in general t he principles of the invention and including such departures from 
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the present disclosure -as to come within knowtedae or customary practice in the art to 
which the invention pertains, and aa may be applied to the essential features 
hereinbefore set forth-arid falling within the scope of the Invention. 
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atfr it will bo 

MfHjo F otood that tho prooont invo s tion is oapablo of furthor modffioationo, and this 
appBoafen ic Intended to cov e r any variation*?! was or adaptation s of th a invention, 
following I n gon a ra) th e prinoiptoc of tho Invention and - I nclud i ng ouoh dopartur e s from 
tho prooont dioo l oou re- ap to oomo within - fcnowtodga or custom a ry practtoo in thb art to 
which the invention portatno, - ■ and as may b e appli e d to - tho ■e ssential foaturoo 

of tho Invontloni 



CA 02431425 2003-06-O5 



15 



WHAT IS Cf-AIMSD 13; 



1. A method for inducing In a muscular jmanairattaA..c»ll 4b»-expi«seioa-of.at-l£a&t 
one anqioa a n e c i G - mlatod - - protective p ane, the method comprising the step of 
5 introducing and expressing in said cell a nucleic acid sequence encoding a functional 
HiFao t -E PASI transcription factor or a functional analog thereof, a functiona l H»F - 3a 
frano e ription factor. 

gr JTh e method of claim 1, whbroin raid tfanscriptlon - factor induooc the oxprocolon of a 



: 2. The, method of claim 1. wherein the protective gene Is an anqjoaonocte-feteted 
. . aeB&sl gen survival gape. 



4. The method of claim 1 T wherefn the protective oene is a cardloprotecttan gene. 

20 

5. The method of claim 2. wherein said cardioprotective gene is CT-1 
fcardiotrophln-1). 



25 4 ?7. T he rrtethod of any onq of claim* 1 wherein said nucleic acid sequence is a 
cDNAa. 




15 3. 



The method of claim 4-of 2, wherein said a ngiooeneslo rolato d cell survival gene 



8. Themethod of claim 1 or2. wherein the cell is a mammalian cell, 
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9. The method of cjajrn 5 t wherein the mammalian cell is selected from the group 
consisting of myoblast skeletal muscular cell, card lorn vocvte. smooth muscle cell, bone 
5 marrow cell, endothelial cell endothelial progenitor cell, fibroblast and embryonic stem 
£§JL 



Tho method of claim 6, w|ioroin tho cmooth muscle cell fa. cardiac cell. 
10 £ 

5 r10. T he method of any on e of claims 1 te-4, wherein said nucleic acid sequence is 
introduced into the cell Using a method selected from the group consisting of adenoviral 
Infection! and plasm id, cosmid.or artificial chromosome tnansfecUon or electroporation. 

.15 

6,Th e method of any ono of claims 1 to 5, wh ere in -s aid c e ll is a cordlao col l . 

7/Th e mothcd of anyone of claim s 1 7 or to6 B, wher e in th e expression of said at leoct 
on e angiogcnesi s r e lated geno in a plurality of cardiac oollo of said mamma l 's i nduc e 
20 anglogonesifr - tocaHy or m s urrounding tioouo, and whoroin oaid ang i ogene s lo Improves 
. s aid mammal's cardlao - functlono. 

8,Th e mothod of any one of claims 1 to S y wherein sa i d c e il to a okolotal - muooulor coll 

25 fell T he method of claims further comprising the step of transplanting, Into toe 
heart of a compatible recipient, a plurality of said okolotai my a oular c elts. 

40 r12. T he method of dalm-&1D. wherein said transplantation Is autologous. 
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44 ^15. T he method of claim 9 Of 1 0 or 11. wherein safd transplantation improves the 
mammal's cardiac functions. . 

. 12.Th e roothod .of any onoof claims Bfcfl to 1 1ft wher e in patd - coUc ar e transplantod-in an 
5 amount that I d cuffldont to tnduoo ongiogoneoio looolly or in surrounding transplanted 



10 




8g to 12, whoroln caid an; 
to induce anglogonecte locally - or in ourrounding 



15. 



14. A method for increasing the metabolic activity of a muscular cell, comprising the 
step of introducing and expressing in said cell a nucleic acid sequence encoding a 
functional transcription factor of the Hypoxia Inducible Factor (HIF) fami lytEPASl. 



tfrp group concfoting of 4 4tf 1cej HIF 2a, 



20 



25 



15. The method of claim 14 or 15, wherein said transcription factor induces the 
expression of at least one anqiopon e ol a rolat e d cell survival gene selected from the 
group consisting of .VEGF> IL-8, FIGF,UF, LIF-R, CT-1 and adronomoduilin P Al-2 
and MMP7. 

18. The method of claim 14 or 16. wherein said transcription factor induces the 
expression of a CT-1 . a cardioprotaction gene. 

17. A method for Improving cardiac tissue funcfions of a mammal, comprising the 
step of providing to the cardiac tissue of said mammal a plurality of genetically modified 
oelte expressing. a Wufctelc .add secpjence encoding a functional 

- EPAS1 t ranscription factor. 
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18. The method of claim 17. wherein said genetically modified ceils are provided by 
injecting directly said nucleotide sequence in the cardiac tissue of said mammal. 

S .19. The method, of claim 17, wherein said genetically modified cells are provided by 
transplanting Into said cardiac tissue a plurality of okolotal muoouiaf-celts genetically 
modified for expressing said transcription factor, and wherein said s keletal musoular 
cells originate from a compatible donor. • 

10 20. The method of claim 1 9, wherein said transplantation is autologous . 



15 



20 



34*The method of any one of claims 17 to 20, wherein said transcription factor induce 
the expression of at least one anqtoa e nesiD . rofatod c ell survival gene selected from the 
group consisting o f VEGF, 1L 8, I U 6 t PlGF t LIF. LIF-R. CT-1 and adronomodu i lln. 
and MMF7; 

21. Tha method of anv ona o f claims 17 to 20. wherein said transcription factor 
jpduce the ex presefen of-C ^I,^ m^iopjfQtcctiqn qan^i 

ZL 

22. The m e thod of - any ono of.olalmo 17 to 31 , for rolloving i cch c 
disease or in p e riph e ral yapou l ar - dloooco. 



in mucculortlccucH oomprioing tho 
ctep of providing caid tio s uo with .o plurality of gonotioally modified - muscular ce l ls 
e xpr e ssing .a nucleic add ooquenc 
25 a functional HI F 3a ^EASJJranDcuiptton - factor. 



2 4 .Tho meth ed of c laim 33,-whe 



itlcally modlflod colic are provldod by 
aid mammal 
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36= 33. T he method of clalm.23, wherein said genetically modified muo outer- cells are 
provided by transplanting unto said muscular ■ t issue a plurality of muscular - cells 
genetically modified for expressing said transcription factor, and wherein said muccujar 
cells originate torn a compatible donor. 

5 

24. The method of claim 25. wherein the tissue is a muscular tissue. 

10 25. The method of riqlm 2 6. wherein the muscular tissue is a cardiac tissue. 

26. . The method of any one of claims 23 to 262, wherein said transcription factor 
induce ra said genetically modified muocular cells the expression of at least one 
anglogonofiis - ralated cen survival gene selected from the group consisting of VEGF, l US. 
15 ' I L B. PIGF. UF. LIF-R* and CT-1-aad adronomoduliln P Ai 2 and MMP7. 

27. The method of any one of claims 23 to 27.. wherein said transcription factor 
Induce in said genetically m odified cells the expression of CT-1. a cardloprotectton gene. 

a7 r28. A genetically modified muscular cell expressing a functional 
transcription factor. 

aB rgg, T he cell of claim 279, wherein said can Is a myoblast a skeletal muscular cell 
or a cardiac cell. 

25 

30 =30. T he cell of claim 23S or 28.30. wherein said transcription factor is inducible. 

afe ai T he ceB of any one of claims 279 to 29 3 r 1, wherein said transcription factor 
induce the expression of at least one angiogonasi s rotatodceij syrvlva[ gene selected 
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from the group consisting o f VEGF. ILSr IU S , P1GF, LIFt — . LIF-R. CT^l-an4 
JAl 3 and MMP7. 



32. The cell of any one of claims 29 to 31. wherein said transcription factor induce 
5 the expression of CT-1. a cardioprotectfon gene. 



34. The cell of anv one of claims 29 to 32. wherein It comprises a oDNA encoding 
said transcription factor. 

10 34. A transformed or transfected cell that contains the nucleic acid of anv one of claims 
1to12- 

35. The eefl of claim 34. wherein said cell consists of a cell selected from the group 
consisting of myoblast mammalian skeletal muscular cells, cardiac cells, bone marrow 

15. cells, fibroblas ts, smooth muscle calls, endothelial cells, endothelial progenitor ceils and 
embryonic stem cells. 

36. A transgenic animal generated from the celt of claim 34 or 35. wherein said nucleic 
acid is expressed In said transgenic animal. 

20 

3 1 .The col l . of, any or 
• tronoaription faster 



25 



(CLAIM S TAKEN FROM OTHER PATENT TO ADD TO THIS ONE) 



8 iA transform e d or tran s foatod con that contams-the- 
to da 
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. 3The c a n of ■ claim - 3P, whorein sa i d c e l l oon & i s to-of o - coil - coioctod from th e group 
constoting of - HEK203 - GQHB t Hop3B cel ls , mammalian - ok el otol muscu l ar - oellc, -- oaFd l Qc 
cellDi bono marrow c e lls, fibroblasts, smooth rnuBclo cello, endoth e lial o e ltor - endofe e tiol 
5 progentopcalto and ombryonio otem gqIIs- 



4*A tranDflortlo animal gor 



10 



5 A met h od for inducing VEGF expression in a mammalian co l li tho rnothod comprising 
stop of Introduc i ng and expressing In sakt^eeH a nuotoio acid 
polyp e ptid e hav i ng th a4 aiologioal activity of a human HIF - 2a - potypoptldo. 



locat e d in tho hoort of q - living mammal, and who 
Induoo angtegeneefe inoardiafrfeeup of oald mammal 



of o oord l ac c e ll 




7Th e m e thod any one - of otaimo 44 to 47, whoro i n cold oell oonoioto of a muooular c e ll 
20 located in musoular - tisoue of a living mammal, and whoroin oxprooalon of oald 
polyp e pt i de induoo ongiogonoaio In tho muoorior - t l sou e of said mamma l . 



25 



ferae rnothod - any one - of otaimo 44 to 47 \ farther comprising 
oald coll In tf& s u a of a compatible mammalian recipi e nt 

8 Tho method of - claim ■ 50! whoroin said colic are tranoplant e d in on amount that te 
Wffietert to intiuoe angiog e noote - locally or In surrounding tranoplontod tissu e ; 
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of an l oohomio or 



■ of any on e of claime d to <\7\ whoroln s aid mammalian eafl i s a s ke l et a l 
muaoular coll thoroby - provldina a H IF 2a e xproeolng okolotal muaoular eefe and wh e rein 
• a id mathod further compri se s - the ct e p of transplanting - a plur a fity of said - ,H ) F - 2a 

roclplont 



"HT . 12.Tho - method of any ono of c l aim s 5Q to - 53, wher e in said - th e tran s plantation s t e p 
oonototo of on aujtologouo transplantation ond whoroln said mammalian rooipfont io a 

IIUIIIVII 15 



i in a mammalian tlccu a having a plurafity of < 
15 th e method comprisin g th e ctep of introducing a nd -e xpreeeina I n at Toact oomo of cold 

human HI F to p c iypoptidQi 
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